Tuberculosis (TB), transmitted by the bacteria Mycobacterium tuberculosis has been a global epidemic for years. The evidence for infection with TB is centuries old. It can have an indolent course, and may remain inactive for years in individuals with the possibility of reactivation at any time, causing widespread systemic symptoms. The treatment and management of TB has become more effective over the years. It is estimated that more than one-third of the world population, especially in poor and developing countries are harboring this bacterium with varying manifestations of the disease from no symptoms to life-threatening infections. This manuscript describes the history of the disease and the discoveries. It also includes the recent advances and challenges facing the world and how governments and organizations are working together to control this disease. 932
Introduction
Tuberculosis (TB) is the third greatest killer worldwide caused by an infectious agent, with over 1.3 million deaths due to TB in 2012 [1] . This is after lower respiratory tract infections and diarrheal diseases. Around 10 million people fell ill due to TB, with an estimated 1 million children [2] . Recent discoveries, healthy living and active treatment modalities along with international efforts has led to a fall in TB incidence by 2% every year [2] . It is important to have a thorough understanding of the history of the disease, as well as current concerns, such as increasing antibiotic resistance. This will also enable us to develop strategy to fight this disease in the community. We searched the literature relevant to the
Age of Discovery
TB is one of the oldest known human diseases and is caused by the bacterium Mycobacterium tuberculosis or Mtb. Evidence of bony tuberculosis dates back to the 8000 B.C. and was also found in spinal cord fragments of Egyptian mummies (circa 2400 B.C.) [3] . Around 460 B.C., Hippocrates (Figure 1 ) recognized TB as a frequently fatal disease, warning doctors against treating citizens suffering from late stage TB, as their inevitable deaths could ruin their reputation [4] .
Over the centuries, TB has had many names, including psithisis pulmonaris, white plague, and consumption. The name consumption came from the fact that the infection seems to "consume" the patient. Dutch scientist, Sylvius de la Boe, provided the first pathological and anatomical descriptions of the disease in 1679 by identifying tubercles as a consistent and characteristic pathologic manifestation in the lungs of patients with TB [5] . His reports were later published in Opera Medica, describing how the disease usually affected the lungs, but later progressed to cavitary lesions and abscesses [5] . He was the first to cite an association between phthisis and a disease of the lymph nodes of the neck, termed scrofula ( Figure 2 ). Scrofula was also called the "king's evil" as it was widely believed (since the days of Clovis of France, 487 AD) that the kings of England and France could cure scrofula simply by touching those affected [6] . Spinal tuberculosis, dubbed "Pott's disease", was first described in 1779 by the British surgeon Percivall Pott [7] . TB can affect any organ, although lungs are most commonly affected and patients frequently present with symptoms such as cough, chest pain, fatigue, and unintentional weight loss. 
Advances in Diagnosis
Benjamin Marten, who described tuberculosis as a disease caused by "wonderfully minute living creatures", first recognized TB as a communicable disease [8] .
He also reported that close contact with a person with TB, over an extended period, was required to contract the disease [9] . In 1865, a French military physician, Jean-Antoine Villemin showed that TB could be transmitted from humans to cattle and from cattle to rabbits [10] . He also questioned the commonly held belief that the disease arose spontaneously and instead believed that the disease came from a specific microorganism [11] . In 1882, Robert Koch developed a special staining technique to visualize Mtb and described the transmission of tuberculosis through droplets released with sneezing or coughing [12] . In 1901, Koch addressed the British Congress ( Figure 3 ) stating, "There is no disease which inflicts such deep wounds on mankind as this" [13] . Koch was one of the [14] .
The discovery of Lowenstein-Jensen (LJ) agar marks another important milestone in the diagnosis of TB. This agar had various ingredients to optimize growth of TB like Malachite green, glycerol, asparagine, potato starch, coagulated eggs, and mineral salt solution [15] . Penicillin and Nalidixic acid were often added to prevent growth of bacteriae on the agar [15] . When grown on the agar, Mtb appears as a brown, granular colony. Unfortunately, due to the slow growth rate of Mtb, the incubation period may last an average of four weeks.
Around the same time as the discovery of TB growth media, the Housing of the Working Class Act was enacted in the United Kingdom in 1885, which led to an improvement in living standards and a decrease in overcrowding in certain areas [16] . The benefits from this were recognized and similar laws and rules were passed in many other countries.
The idea of a sanatorium for people who were diagnosed with tuberculosis stemmed from physicians like Hermann Brehmer who would instruct patients to go to "healthier climates" to improve their health [17] . Sanatoriums were developed based on the belief that good rest, nutrition, and fresh air would allow patients to fight off a TB infection [18] . The famous sanatorium, Brehmersche
Heilanstalt fur Lungenkranke in Gorbersdorf (Sokolowsko), Silesia (now Poland) was thus opened in 1856. Over the next century, thousands of sanatoria were founded throughout Europe (Figure 4 ) and the United States. In 1884, Edward Livingston Trudeau opened the first sanatorium in the United States [19] .
Discovery of Drugs and Tuberculosis Treatment
The late 1800s and early 1900s mark a transition point in the history of TB, where mortality from the disease steadily decreased. This happened even before the introduction of antibiotics and immunization against TB. In 1895, X-rays or Roentgenogram ( Figure 5 ) was discovered by German physicist Wilhelm Konrad von Roentgen. With the help of Chest X-rays, it became easier to diagnose pulmonary tuberculosis as well as follow-up these patients and those suspected to have TB [5] . Roentgen received the Nobel Prize in Physics in 1901 for this discovery.
In 1906, French physician, Leon Charles Albert Calmette ( Figure 6 ), and immunologist, Camille Guerin, developed the Bacillus Calmette-Guerin (BCG) vaccine against TB [20] . Immunizations were first carried out in Paris in 1921, especially in children [21] . Mass immunization was carried out starting from military recruits and institutionalized people; and then spreading to the whole population at risk of developing TB. Later data suggested that while this vaccine may be helpful in preventing serious forms of childhood TB, it does not have the same effect in adults [5] . Thus, the primary treatment remains prevention of transmission and treatment of active cases with anti-tubercular drugs. In Great Britain, the Medical Research Council was established in 1913 with its major focus to tackle TB [22] . Prior to the discovery of anti-TB drugs, surgical techniques like plombage and pneumonectomy were the only medical options available to patients. "Plombage" is a surgical method to treat cavitary tuberculosis of the upper lobe of lung and refers to the insertion of an inert substance in the pleural space to compress the cavitary lesion [23] .
In 1943, the antibiotic streptomycin was developed by persistent work by Selman Waksman. He was honored for his discovery with a Nobel Prize in Physiology or Medicine in 1952 [24] . This was the first antibiotic shown to be effective against TB. The inability to use it through the oral route and its toxicity profile made it inconvenient to use for the longer treatment duration. It was also realized that TB could not be treated with one antibiotic alone due to the development of resistance due to mutation of ribosomal target sites.
In 1949, p-aminosalicylic acid was discovered followed later in 1952 with Isonicotinic acid hydrazide or Isoniazid. Isoniazid's bactericidal properties made it a favored first line agent against TB, but resistance was documented. Then, in the 1950s, other effective antibiotics like pyrazinamide, ethambutol, cycloserine and ethambutol were developed [5] . Combination therapy using these antibiotics showed promise with increased cure rates and decreased mortality. Over the next few years, more drugs were developed, such as ethambutol and rifampicin.
Major problems that remain in TB endemic countries included patient noncompliance and the development of multi-drug resistance. Currently, the most popular combination regimen consists of using four drugs: Rifampin, Isoniazid, Pyrazinamide, and Ethambutol (RIPE therapy) for 2 months, followed by Rifampicin and Isoniazid for another 4 months. This is generally adequate to treat uncomplicated pulmonary TB, but longer treatments and different combinations may be needed on a case-by-case basis.
Worldwide Campaigns
In 1993, the World Health Organization (WHO) classified TB as a worldwide epidemic with approximately one-third of the world's population infected [25] . 1) Political commitment with increased and sustained financing;
2) Case detection through quality-assured bacteriology;
3) Standardized treatment, with supervision and patient support; 4) An effective drug supply and management system; 5) Monitoring and evaluation system, and impact measurement.
Between 1995 and 2008, more than 36 million TB patients were successfully treated using the DOTS program, with approximately 6 million deaths averted [26] .
Other worldwide campaigns include those led by The United Nations Children's Emergency Fund (UNICEF), which has initiatives focused on improving child survival growth and development, water sanitation and hygiene, and improved access to vaccines [29] . Additionally, organizations such as "Americares" are working to provide medical aid and humanitarian relief in cases of environmental emergencies, such as monsoons [30] . While there are a large number of government programs and non-government organizations (NGO) that help to provide healthcare and relief, there is still a lot of work that can be done to further improve health care access and provide support for underprivileged and vulnerable populations.
Multi-Drug Resistant Tuberculosis
Multi-Drug Resistant TB (MDR-TB) is the development of resistance to the two most powerful anti-TB drugs Isoniazid and Rifampin [31] . It was recognized early in the campaign of treatment of TB that inappropriate or incorrect use of antimicrobial drugs, or the use of ineffective formulations (single agent, poor quality of drugs or bad storage), could cause development of resistance, which then can be transmitted [31] . The incidence of MDR-TB has slowly increased recently gaining worldwide attention. In some cases, even more severe drug resistance can develop with additional resistance to more anti-TB drugs leading to Extensively Drug-Resistance TB (XDR-TB) [19] . WHO reports that of the 480,000 people worldwide infected with MDR-TB, approximately 10% have XDR-TB [31] . Totally drug-resistant tuberculosis (TDR-TB) is now emerging in many countries and is resistant to all the major antibiotics used in the treatment of TB [32] .
For antibiotic susceptible TB, diagnosis has become easier with molecular or culture-based studies. To effectively control TB and avoid MDR-TB or TDR-TB, the following recommendations should be followed [33] :
• Curing the patient on the first detection;
• Providing access to diagnosis and drugs; 
Tuberculosis in India
India has the largest number of active TB cases in the world, with an estimated 40% of the Indian population being a TB carrier [34] . While the incidence and mortality rate of TB in India has decreased over the years, there has been an increasing incidence of MDR-TB in India [35] . Among new and previously treated patients, the prevalence of MDR-TB was 2.2% and 15%, respectively [35] . such as gloves and masks [37] . Lack of patient knowledge about the spread of TB has led to a lack of good cough etiquette and inadequate hygiene [37] .
Treatment of all latent TB patients in
Compliance with treatment has been a major issue in India due to the lack of knowledge about the disease in poor populations. Treatment is often started, but the antibiotic course is not finished leading to increased relapse of the disease and rise in the number of TB resistant microorganisms. Control of the disease is expected to become increasingly difficult as the life expectancy in India increases, because elderly individuals are more susceptible to TB infection [38] .
Worldwide TB campaigns have been targeting improved drug compliance with moderate success. The DOTS program and the Revised National Tuberculosis Control Program (RNTCP) have laid out specific initiatives to control the spread of TB in India [34] . This includes political and administrative commitment, systematic monitoring, supervised treatment, and quality diagnosis [34] .
Since the implementation of some of these initiatives, TB prevention, diagnosis, and treatment interventions have saved an estimated 37 million lives and the TB mortality rate fell by 45% and the prevalence rate by 41% between 1990 and 2013 [39] . While India was on track to meet the Millennium Development Goals, there is a long way to go in order to reduce the prevalence and transmission of the disease [39] .
Future Problems and Advances
Increasing drug resistance and drug compliance remain two major future problems in the worldwide prevention and control of TB. Due to the slow growth rate of TB, results from sputum smear microscopy often take several weeks during which the patient can transmit the infection to many other community members. There have been newly approved automated tests such as Xpert, that are able to rapidly assess resistance to antibiotics such as rifampicin, but these tests have not yet become mainstream [40] . In the modern era, the purified protein derivative (PPD) skin test has traditionally been used to help diagnose TB infection by injecting TB antigens into the patient's skin [41] . A positive PPD test would manifest itself as a red induration at the site of injection (Figure 8 ). can also be done to diagnose TB infection [41] .
As individuals who are HIV positive are much more likely to develop the active form of TB, it is also important for health officials to focus efforts on HIV prevention by raising awareness about the importance of contraception, seeking out treatment for Sexually Transmitted Diseases (STDs), and providing peer counseling for high-risk individuals. Finally, it will be important to continue raising awareness and to provide funding for successful programs to decrease the prevalence of TB around the world.
The WHO End Tuberculosis strategy was adopted in 2014 with targets to reduce TB deaths by 90% and to cut new cases by 80% between 2015 and 2030. It also wants to ensure that families are not burdened by the cost of treatment of TB. It has also set a 2035 target of 95% reduction in deaths and 90% decline in TB incidence that is similar to the levels in low TB incidence countries today [42] .
Conclusion
A combined effort of various governments, international organizations along with recent discoveries in diagnosis and treatment will lead to achievement of the above goals and control in the disease that has a huge economic implication on already compromised societies and countries. We have seen huge medical successes in the recent years like Small pox, polio and measles; and we hope to continue our fight against diseases like TB.
